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Abstract 
Elastomers exhibit complex fracture mechanical properties. The crack growth rate depends on various factors such as polymer 
type, fillers, curing state... For numerous applications elastomeric parts often work under complex periodic loadings. The new 
Fatigue Test Analysers of Metravib ACOEM allows performing fatigue crack growth tests at controlled tearing energy in pure 
shear samples. This method of loading is strongly recommended to compare dynamic fatigue properties of elastomers. 
This study deals with crack growth rate measurements and performance comparison of several rubber compounds. The influence 
of the formulation and mixing parameters of formulation and mixing would be presented on an SBR compound: the dispersion of 
filler, the antioxidant quantity, and the curing system. All compounds are characterized with normalized mechanical tests such as 
uniaxial tensile, monotonic tearing, hardness; one is also tested with normalized fatigue tests as FTFT (Fatigue To Failure 
Tensile), DeMattia Flexing Fatigue Tester (in initiation and propagation). 
© 2013 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of CETIM, Direction de l'Agence de Programme. 
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1. Introduction 
Industrial use of rubber ranges a broad field of applications which includes everyday items but also high 
performance products such as dampers, seals, vibration absorber or tires. Many of these applications subject the 
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rubber to cyclic loads over a long period of time which can cause present cracks to grow but also the initiation of 
new cracks on the surface. The cracks may initiate at flaws on the surface but also after natural ageing (ozone). 
For these reasons, improving fatigue crack growth properties is one of the major challenges for dynamically 
loaded rubber parts. To do so, many different tests already exist in order to determine tear resistance : 
 
• DeMattia test (ISO 132), 
• Monsanto Fatigue to Failure Test, 
• Determination of tear strength with angle test pieces (ISO 34). 
 
However, the tire industry witnessed poor correlation between De Mattia or FTFT testing and in situ road tests. 
These results led to the elaboration of a new type of crack growth analysis systems [1,2]. Among these, the new 
Fatigue Test Analyser of Metravib ACOEM, DMA+300, was used in this work. This equipment has been designed 
to characterize and compare materials at controlled tearing energy, specific loadings (sine, haversine), and 
temperature among other parameters. The measured property is the crack growth rate (length per cycle), which is 
then plotted against the tearing energy. 
The concept of tearing energy has been introduced in 1953 by Rivlin and Thomas as a fracture mechanical 
parameter in order to describe the crack growth behavior in rubber [3]. The crack growth is then characterized by an 
energetic approach which is the main difference between the DMA+300 measurement and the more classical crack 
growth testing methods such as DeMattia and FTFT which only rely on fixed displacement.In their work, Rivlin and 
Thomas demonstrated that crack growth in elastomers was controlled by the tearing energy according to the 
following equation :  
 
ܶ ൌ െ ቀడ௎డ஺ቁ௟ (1) 
 
With : T the tearing energy (J/m²),U the material stored energy,A interfacial area of the crack.The subscript l 
implies that no external work is done on the system during propagation. The tearing energy represents the energy 
necessary to the propagation of the crack. For our kind of samples the equation (1) becomes 
ܶ ൌ െቀଵ௧
డ௎
డ஼ቁ௟ (2) 
With t the sample thickness and C the crack length. 
 
Also, it appears that for certain sample geometry the tearing energy is independent of the crack length, which is 
the case for the pure shear samples on which this works measurement are based on. Thus, the tearing energy can be 
expressed as follow  : 
 
ܶ ൌ  ଴ܹ݄  (3) 
 
With W0 the strain energy density and h the sample height between the grips. The dependence of crack growth on 
the tearing energy is illustrated Fig.1. Three different domain are identified: 
 
T < T0, the crack growth rate is constant 
T0 < T < T1, a transitory regime takes place 
T1 < T < TC, the crack growth speed follows a power law : 
 
ௗ௔
ௗ௡ ൌ ܤǤ οܶ௠     (4) 
With a the crack length, n the number of cycles 
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T>TC : the crack growth becomes unstable and very fast. 
 
 
Fig. 1. Double logarithmic plot of crack growth rate da/dn vs. tearing energy T for rubber material [4] 
 
In this work, the effect of formulation and frequency on the crack growth rate in the stabilized region has been 
studied on pure shear SBR samples. 
2. Experimental 
2.1. Materials and tests specimen 
4 SBR mixes have been elaborated at LRCCP according to the compositions reported Table 1. Based on these, 2 
mm thick plates, FTFTF, DE MATTIA samples and pure shear samples have been molded during 12 minutes at 
160°C. 
 
Table 1. Materials composition. 
Products (phr) SBR Nominal SBR Efficient SBR without 
protectors 
SBR poorly 
dispersed 
EUROPRENE SOL r c 2525-0 100 100 100 100 
N330 60 60 60 60 
NYTEX 820 15 15 15 15 
ZnO 3 3 3 3 
Stearic acid 1.5 1.5 1.5 1.5 
6 PPD 2 2 0 2 
Wax antilux 500 1.5 1.5 1.5 1.5 
Sulfur 2.0 1.2 2.0 2.0 
CBS 1.2 3.0 1.2 1.2 
 
The SBR without protectors molded samples were aged for 2 and 4 weeks at 80°C in a ventilated stove in order to 
evaluate the influence of ageing and the performance of the protective system on the mechanical properties. The 
fillers dispersion quality was evaluated using a disperGRADER+ device manufactured by Dynisco. The Fig.2 shows 
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the aggregates size dispersion for both SBR Nominal and SBR Poorly dispersed. The SBR efficient mix was 
elaborated in order to study the influence of the crosslink type on the crack growth properties. 
 
 
Fig. 2. Visual observation of the fillers dispersion for a) SBR Nominal b) SBR Poorly dispersed. c) agglomerate numbers plotted against the 
agglomerate size 
2.2. Test methods and test setups 
Standardized mechanical testing consisted of : 
 
x Hardness (Shore A) measurement, 
x Tensile testing (ISO 37), 
x Determination of tear strength with angle test pieces (ISO 34). 
 
Standardized crack growth testing consisted of : 
x DeMattia test (ISO 132), 2 mm notched samples, 66% fixed strain at 5 Hz, ambient temperature, 
x Monsanto Fatigue to Failure Test, un-notched samples, 100% fixed strain at 1,67 Hz, ambient temperature. 
 
The crack growth measurements were performed with a DMA+300 Fatigue Test Analyser from Metravib 
ACOEM. The pure shear test samples were elaborated by the LRCCP and consists of moulded samples with beads 
according to the following dimensions: nominal width: ~38 mm, nominal height: ~4 à 6 mm, nominal thickness : 
0,8mm. This shape was chosen in order to achieve the most homogenous strain field in the sample during testing [3], 
as well as granting a good grip and limiting the fixation mode border effect. 
709 Nicolas Roche and Laurent Perier /  Procedia Engineering  66 ( 2013 )  705 – 712 
For each sample, the first step of the crack growth testing process is the determination of the strain energy density 
W0. This characterization step is performed using the DMA+300 as a classic DMA device, applying a sinusoidal 
dynamic loading over a range of strain on an un-notched sample. Knowing the dimension of the sample, the tearing 
energy T as a function of the strain is plotted. The next step is the crack initiation, performed with a sharp blade 
equipped mechanism on both sides of the pure shear sample. The initiated crack length is approximately 3 mm. 
The selected tearing energy is then chosen and a periodic loading (sinusoidal) of the corresponding strain is 
applied to the notched sample. The crack growth is followed with binoculars linked to a micrometric table. The 
crack growth rates are measured periodically and the last stabilized values are selected. 
3. Results and discussions 
3.1. Standardized test results 
The standardized mechanical testing results for the various SBR mixes are presented in Table 2. As expected the 
SBR Efficient and thermally aged show higher modulus than the Nominal and without protectors mixes. Thermal 
ageing also decreases the strain at break as well as the strain at break and increases the surface hardness. 
In terms of crack resistance properties, the tearing resistance is also decreased by the thermal ageing. The 
dispersion seems not to have any influence on the tearing resistance as the poorly dispersed mix shows almost the 
same values as the nominal mix. The efficient vulcanization system (shorter crosslinks) seems to decrease the tearing 
resistance. 
 
Table 2. Mechanical Characteristics 
Mechanical 
Characteristics 
SBR 
Nominal 
SBR 
Efficient 
SBR without 
protectors 
SBR without protectors 
aged 2 weeks 
SBR without protectors 
aged 4 weeks 
SBR poorly 
dispersed 
Hardness (Shore A) 63 62 62 70 72 63 
Maximum strain (%) 431 380 511 334 140 425 
Maximum stress (MPa) 19.4 18.1 21.9 19.5 17.7 17.4 
M100 (MPa) 3.0 3.3 2.7 4.0 11.4 3.0 
M200 (MPa) 7.5 8.8 6.8 10.4 - 7.0 
M300 (MPa) 12.8 14.3 11.9 17.5  11.8 
Tearing resistance 
(kN/m) 
35.3 27.3 34.3 26.2 25.5 33.0 
 
The standardized crack initiation and growth properties are presented in the Table 3. These results shows a great 
influence of the fillers dispersion on the initiation properties (FTFT) as the poorly dispersed SBR cycles at break 
shows a 30 order of magnitude difference from the SBR Nominal. However, little differences are witnessed in the 
propagation mode (DE MATTIA). One can notice the poor reproducibility of these methods as the standard 
deviation values are quite high, especially for the FTFT results. 
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     Table 3. Standardized crack growth properties. 
Crack growth 
Characteristics 
SBR Nominal SBR poorly dispersed 
FTFT    
103.cycles to break 
 [standard deviation] 
264 
[263] 
9 
[4] 
   
DE MATTIA   
2 mm propagation (nm/cycle) 3358 [781] 3104 [702] 
6 mm propagation (nm/cycle) 2621 [163] 2921 [635] 
10 mm propagation (nm/cycle) 2407 [148] 2926 [637] 
3.2. Energy controlled crack growth results 
All crack growth characterizations were performed at 24.5 Hz at ambient temperature, unless specified otherwise. 
The results are presented as crack growth rate VS tearing energy in log-log scale. The curves are fitted with a power 
law allowed only in the stable propagation zone. The results obtained using an energy based approach shows no 
influence of the fillers dispersion (Fig.3) which confirms the fact that for elastomers the propagation of a crack takes 
place in the matrix. One can notice that the crack growth rates for the highest tearing energy are twice as low that 
those reported in the De Mattia testing, showing that the tearing energy for a De Mattia test is much higher than 
3000 J/m². The influence of the vulcanization system on the crack growth rate is visible as well, shorter crosslinks 
(efficient system) seems to increase the crack growth speed. The angular tearing results gave the same tendency. On 
a sidenote, one might notice that the SBR Nominal plots slightly differs on each graph, that is due to the fact that 
each measurement campaign has been done separately, even on a same material. 
Fig. 3. Crack growth rate plotted against Tearing energy, a) influence of the fillers dispersion quality, b) influence of the vulcanization system 
 
The influence of ageing is quite clear as shown in Fig.4 as the crack growth rates increases greatly with the 
temperature exposure time. This tendency was already shown with the angular tearing results (Table 2), although the 
energetic approach shows a larger difference between 2 and 4 weeks ageing. Next to the energetic plotting, the crack 
growth rate was plotted against the nominal strain, that is to say in the same conditions as De Mattia testing. As 
expected the results differs between the energetic approach and the displacement based one. The interest of an 
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energy based approach is quite clear in this case as the aged SBR materials display a higher modulus than the
pristine one. Thus, in order to compare their crack growth properties on a common basis, a fixed energy condition is 
clearly more fitting than a fixed displacement.
Fig. 4. Crack growth rate plotted against the a) Tearing energy b) nominal strain, influence of ageing
In the last series of characterization on the selected SBR, the effect of the periodic loading frequency has been
studied (Fig.5). No clear tendency stands out from these measurements as both lower and higher frequencies give the
same results in terms of crack growth rate. However the fact that the 2 intermediate frequencies give very close
results, but different than the other frequencies might open the way into a hypothesis of the presence of several crack 
opening mechanism taking place at the same time. Indeed one has to take into account the local sample heating due
to viscous effects as well as the WLF time-temperature relationship in order to try and comprehend the effect of the
periodic loading frequency on the crack growth rate. In fact, other studies showed that the frequency has little effect
on the crack growth speed but temperature appears to be an important parameter [5][6].
Fig. 5. Crack growth rate plotted against the tearing energy, influence of the frequency
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The propagating crack shape presented in Fig.6 shows that the crack propagation does not always follow a 
straight line and the real crack length can be different from which estimated by the trajectory of the crack tip. This 
was not taken into consideration so far, which may lead to certain approximation and results dispersion. 
Fig. 6. Binoculars photos of a) normal crack propagation b) deviating crack propagation 
4. Conclusions 
A crack growth characterization comparing the standard means of measurement to a more versatile energetic 
approach has been performed on different mixes of SBR elastomers. Different aspects of the formulation (fillers 
dispersion, vulcanization) were studied, as well as the influence of ageing. As expected, the new energetic approach 
of crack growth analysis gives a more precise information of the elastomers performance. Compared with the 
standardized tests methods, the tendency are still similar. Indeed for our SBR test material, both methods showed 
that a modulus increase leads to higher crack growth rate and that the crack propagation takes place in the matrix, 
with little influence of fillers aggregates, besides initiation. 
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